R=Et, i-Pr to exhibit the fungicidal activity1,2) against Rhizoctonia solani, the causal fungus of rice sheath blight, but no systematic study on the structure-activity relationships has been done yet. We were so interested in the structural modifications of the N-arylphthalimides as to find a new fungicide. First we fixed a N-2,6-dialkylphenyl moiety (ring B), and modified the substituents on the phenyl ring (ring A).
In the examinations these compounds have shown lower biological activity against pathogenic fungus of rice sheath blight than I, whereas N-(2,6-dialkylphenyl)-4-carboxyphthalimides and their derivatives showed remarkable preventive activity against clubroot of Chinese cabbage caused by Plasmodiophoya brassicae. This paper describes the structure-activity relationships of N-(2,6-diisopropylphenyl)-4-carboxyphthalimide derivatives against clubroot of Chinese cabbage.
MATERIALS AND METHODS

Synthesis of Compounds
Pairs of the 2,6-dialkyl groups on the ring B were fixed to the ethyl-ethyl, isopropyl-isopropyl and s-butyl-ethyl groups. N-(2,6-Dialkylphenyl)-4(or 3)-carboxyphthalimides (IV) were prepared from 4(or 3)-carboxyphthalic anhydrides (II) and 2,6-dialkylanilines (III) by refluxing in methyl isobutyl ketone. The chlorof ormyl derivatives (V) obtained by treating IV with thionyl chloride were used to derive esters (VI) and amides (VII) (Fig, 1) .
The structures of compounds were confirmed by spectra and elementary analyses.
Preventive Activity against Clubroot of
Chinese Cabbage The soil artificially infested with resting spores of Plasmodiophora brassicae was prepared by mixing the homogenate of club galls of Chinese cabbage. Each test compound was incorporated into the infested soil packed in a clay pot (diameter 12 cm) at concentrations of 6.3 and 3.1 ppm. Approximately 10 seeds of Chinese cabbage were sown in a pot. After emergence, the plants were thinned out. Five plants per pot were grown for 45 days in a greenhouse and then harvested to evaluate for disease severity.
The preventive activity was assessed according to the following indexes.
Activity
Index Disease severity 100
No galls 80
Few or small galls only on lateral roots 60
Many small galls or a few big galls only on lateral roots 40
Many small galls and a few big galls on main roots 20
Many big galls on main roots 0 Many big galls on main roots as well as on lateral roots
Each experiment was carried out in duplicate and the results were shown as an average of 10 plants.
RESULTS AND DISCUSSION
In Table 1 , the highest activity was found in N-(2,6-diisopropylphenyl)-4-carboxyphthalimide (2) .
Of the esters of aliphatic alcohols, the methyl (5) and ethyl (7) esters exhibited strong activity. The isopropyl (8) and n-propyl (9) esters still showed moderate activity, but nbutyl ester (10) showed only weak activity, indicating that the activity tended to decrease with an increase in number of carbon atoms in the alkyl group. The esters with alcohols having strong electron withdrawing substituents such as chloro, trifluoromethyl and cyano (11-13) also showed strong activity. The methoxyethyl ester (14) showed strong activity and the allyl (15) and propargyl (16) esters exhibited moderate activity. However, the esters with cyclohexyl (17) and benzyl (18) alcohols and phenol (19) were inactive.
Of the amide derivatives, the amide (21) exhibited strong activity. The cyanomethyl (24) and hydroxyethyl (26) amides showed weak activity, but the other amides (22, 23, 28-34) did not show any activity.
Then, in order to see which substituent parameters are responsible for the activity of these esters and amides, the Parameter Focusing14) was tried. The parameters used are included in Table 1 . In Fig. 2 in which the it values of R (alcohol moieties of VI) are plotted against the Taft o* values (the electronic parameter for the aliphatic substituents, R), the it values of active compounds (5, 7-9, and 11-16) were less than 1.5, but no good focus was observed in the parameter space, indicating that the electronic effect was not responsible for the activity. In Fig. 3 in which the iT values of R (amine moieties of VII) are plotted against the Es values (Hancock's corrected steric constants for aliphatic substituents), it was suggested that the hydrophobicity of the amine fragment alone was responsible for the activity. The other Parameter Focusing using several pairs of the ir, o* and Es values did not afford any improved results in both series.
Among these esters and amides including the carboxy derivative (2), compound 2 showed the highest activity. In general, the esters may be hydrolyzed to the corresponding carboxylic acids chemically and/or biologically in the plants, soil and microorganisms. The amide group has also been known to be converted into the corresponding carboxylic acid by microorganisms in soil.15) On the other hand, the aqueous solubility of organic compounds has been known to show a good correlation with the 1-octanol-water partition coefficients. 16, 17) High hydrophobicity of the ester and amide substituents may decrease the concentration of these derivatives in aqueous media where the hydrolysis may take place.
From these speculations, we assumed that the real active form of these esters and amides was free acid and that the hydrophobicity of substituents (R) of these derivatives was highly responsible for the hydrolysis, and hence for the preventive activity.
The preventive activity of the 3-carboxy derivatives (35, 36) was significantly lower 35 R=H (Activity index 40) 36 R=Me (Activity index <20) than that of the corresponding 4-carboxy derivatives (2, 5) . Although the presence of the carboxy (electron-rich) group in the 3-position may cause stereo-electronic intramolecular interactions with the imidocarbonyl group in the 2-position by the ortho eff ects, 18,19) the reason for the reduction in the activity is not clear at present.
In Table 1 , N-(2-s-butyl-6-ethylphenyl)-4-carboxyphthalimide (3) showed strong activity comparable to that of the corresponding diisopropyl derivative (2) , whereas N-(2,6-diethylphenyl) -4-carboxyphthalimide derivatives (1, 4, 6, 20, 25, 27) showed lower activity than the corresponding diisopropyl derivatives (2, 5, 7, 21, 26, 28), respectively. The effects of various substituents on the ring B on the preventive activity will be reported in the following paper.
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